Abstract：Based on the restriction of Chinese seismic design criterion，which is only applied to regular bridges whose column heights are lower than 40 m, a typical high pier and long span rigid bridge is used in this study．The typical nonlinear numerical analysis model is built for long-span continuous rigid frame bridge with high piers based on the fiber model. A special Pushover method is proposed for nonlinear analysis on the structure under the earthquake in longitudinal and transversal direction respectively. Incremental Dynamic Analysis method is performed with the nonlinear dynamic history analysis for comparison the results. At the same time, the application of the two methods in the continuous rigid frame bridge is analyzed and compared. The analysis results show that the Pushover and IDA analysis method can be used to evaluate the seismic performance of high pier continuous rigid frame bridge.
Introduction
The continuous rigid frame bridge, which has fewer piers and across large capacity and reasonable cost, has become the main form of bridge structure of the valley of the western mountains ditch. Because of the large span of continuous rigid frame bridges, the seismic response is more complex, and the seismic response of the continuous rigid frame bridge is more complex, and the seismic performance of the continuous rigid frame bridge has gradually strengthened in recent years. Specification for Guidelines for "Seismic Design of Highway Bridges (B02-01-JTG/T 2008)" mainly applied to the pier height of not more than 40 m of the rules of the bridge [1] , so the seismic performance evaluation of long span continuous rigid frame bridge with the high pier is a hot spot of the bridge seismic research [2] [3] [4] [5] [6] [7] [8] .
At present, domestic and international norms generally recommended for the seismic performance evaluation method mainly include: nonlinear static analysis (Pushover) method and incremental dynamic analysis (IDA). In this paper, the pushover and IDA analysis of a high pier and long-span continuous rigid frame bridge is carried out, which provides a theoretical basis for evaluating the seismic performance of high pier and large span structures. 
Analytical model and Seismic ground motions

Analytical model
In order to analyze the seismic performance of the bridge, the more accurate fiber element is used in this paper, and a full bridge model is established to analyze the bridge. Taking a continuous rigid frame bridge as the analysis object. The software is used for SAP2000, and the bridge pier is used in fiber unit, and the fiber is divided into Fig.1 . The main girder is a beam element, the mass distribution of the bridge is built according to the actual distribution of the bridge, and the bridge model is shown in Fig. 2 .
The constitutive relation of steel bar is used in the elastic plastic model. The steel bar is HRB335, the yield stress is 335MPa, the elastic modulus is 2.0×10
5 MPa, and the ultimate strain is 0.05. Mander model is used in the concrete constitutive model. The core concrete yield force 32.4MPa yield strain was 0.0039, the ultimate compressive stress of 38.56MPa, ultimate strain of 0.035, the calculation of the structure of the material damping using Rayleigh damping. 
Seismic ground motions
The process of IDA analysis has a close relationship with the characteristics of the selected seismic waves. Table 1 shows the choice of earthquake wave [9] . In IDA analysis of bridge, the maximum displacement of shear force and pier top of bridge under different seismic wave crest values are calculated by the method of PGA.
Wave number Table 2 shows the dynamic properties of the bridge and the effective modal mass of the first 5 modes. These properties include the P-Delta effect, this effect can be quite important in continuous rigid frame bridge where the structural system is essentially a compression structure. It is observed that cumulative effective mass is not enough to accurately evaluate the response of the model, so in the different analysis the firs t100 modes by means of Ritz vectors were considered, exceeding in this way the 95% of cumulative mass. The fundamental period, 2.66s, corresponds to the out-of-plane bending of the bridge; the second mode of translation in longitudinal direction. Fig.4 shows the mode shapes of these two modes. 
Structural dynamic properties
Seismic performance evaluation pushover analysis results
In the establishment of the model of the bridge, the curve of the shear force and displacement at the bottom of pier, the three kinds of lateral force distribution mode (the uniform force distribution, the first vibration mode and the SRSS) longitudinally and transversely, were used in Pushover analysis. Fig. 5 shows the shear force and displacement at the bottom of pier using the uniform distribution is more than that of the first order mode and the SRSS curve of the pushover method. And contrast longitudinal modal and SRSS method curve, which is due to include higher modes influence the SRSS method, can that higher mode for the bridge along the bridge to the pushover effects not so obvious. Fig. 5 displays the three lateral distribution force of the pushover curve and uniformly distributed lateral force analysis of pier bottom larger shear, and the first-order modal analysis get smaller shear. Comparison of the first-order modal method and the SRSS method analysis in transversely, the two analysis results are bigger, which means in the pier is high, the bridge seismic response of higher modes have great influence, The influence of high vibration modals should be considered for the long-span continuous rigid frame bridge with high piers in transversely a) Longitudinal b) Transverse Fig. 6 Table 3 Bridge performance point According to the specification for Specification for Guidelines for "Seismic Design of Highway Bridges (B02-01-JTG/T 2008)", the bridge seismic performance must be needed to small earthquake (E1 earthquake) for strength checking, a large earthquake (E2 earthquake) for ductility calculation. This section for bridge ductility calculation, according to the Bridge in this paper calculated the pushover curve according to the above principles into capacity curve and the "Seismic Design of Highway Bridges (B02-01-JTG/T 2008)" in horizontal acceleration response spectrum reduction demand spectrum. Fig.6 shows the displacement of the bridge under the earthquake action of E2 is less than the yield or the limit displacement of the structure, so the bridge is not destroyed under the action of E2 earthquake.
IDA analysis results
Due to the high pier of continuous rigid frame bridge and the influence of the shear force , the displacement of the pier under the earthquake is not the same, the change of curvature can reflect the rotation and deformation of the pier structure, and the relationship between the maximum curvature and the acceleration peak value is extracted.
As can be seen from Figure 7 , under different seismic waves, the maximum curvature of the pier is discrete. Under different seismic waves, even though the peak values are the same, But the seismic response of the bridge is different. With the action of W2, W3 and W6 three seismic waves, the section curvature of the longitudinal pier reached 0.001, and the lateral curvature could reach 0.0008.And it can be seen that the maximum curvature of bridge pier increases with the increase of the peak value of seismic wave. While in the structure of the structure into the plastic, the increase of curvature becomes faster.
In order to change of curvature analysis along the pier, Fig 7 shows the curvature maximum curvature distribution at the bottom of pier, considering 0.1g, 0.3g, 0.8g and 1.2g of peak acceleration under in W3 wave. It can be also seen that when the bridge is subjected to the longitudinal earthquake, owing to consolidated of the bridge pier and the main girder, at the top and the bottom of the pier will have a greater curvature, which were both into the plastic state, but In the middle of the pier still was in the elastic state. While the bridge is subjected to transverse seismic action, there is a large curvature at the bottom of the pier different with the longitudinal. With the increase of the peak acceleration, Seismic response of bridge piers will also be improved, and the curvature of bridge pier will also be increased. The results show that the yield region of the lateral pier is mainly concentrated in the bottom of the pier. When the peak of the local vibration reaches 0.2g, the lateral pier is not in the yield stage. When the peak value of the local vibration is increased to 1.2g, the yield of the pier bottom is close to 50m, which is different from that of the plastic hinge.
Under the action of longitudinal earthquake, the yield of the pier is at the top of the pier and the pier bottom, In the calculation of the pier, the pier is the first occurrence of the yield, and then it is the top of the pier into the yield stage. Compared to the lateral pier, the yield of the pier at the bottom of the pier is smaller than that of the transverse direction, While in the pier top, the yield length is reached 20m.In the longitudinal direction of the bridge, although the pier is very early to yield, However, due to the existence of the anti bending point, when the peak value of the acceleration peak, The yield of the top of the pier and the top of the pier is less than the length of the transverse bridge to the bottom of the pier. 
Conclusions
In this paper, the fiber model was adopted to analyze the long-span continuous rigid frame bridge. We studied the seismic characteristics, and the seismic performance evaluation using pushover and IDA methods. The conclusions are drawn as follows.
1) The influence of high vibration modals should be considered for the long-span continuous rigid frame bridge with high piers in transversely, but the influence of high vibration modals is not very obvious in longitudinally. Under the three kinds of lateral load distribution mode, the curvature variation is similar, And ultimate curvature is basically the same;
2) Through IDA analysis, the characteristics of the nonlinear seismic response of continuous rigid frame bridges are further revealed. The results show that the Pushover analysis has great limitations and cannot reflect the seismic internal force of the piers. By analyzing the distribution characteristics of bridge in IDA, it is found that the distribution of high pier horizontal seismic force is required by the bending moment.
